The submandibular gland is the largest salivary glands that secrete saliva. Starvation or food deprivation was found to influence all body metabolic activities that are reflected on the structure of many organs including salivary glands.
Introduction
The salivary glands play important role in the digestive system that develop at different sites and produce different types of saliva. The main salivary glands are 3 pairs: parotid, submandibular and sublingual glands [1] [2] [3] . The submandibular gland is the largest salivary gland; it shows peculiar structure in different animal species [4, 5] .
These glands secrete saliva which is a complex fluid containing various enzymes, water, mucopolysaccharides and lubricating glycoprotein [6] . The saliva have many functions, moisten the mucous membrane of the upper digestive tract, facilitate the speech, control the bacteria flora of the mouth , produce antimicrobial substances, maintain tooth integrity and prepare food for digestion [7, 8] .
The total volume of saliva produced each day in adults is 500 to 1500 ml. Mixed saliva, consists mainly of the secretions of submandibular (65%), parotid (23%), sublingual (4%) glands and the remaining 8% being provided by the minor numerous glands [9] . The salivary flow is related to the functions of salivary glands. Therefore, any alteration of the integrity and activity of salivary glands can change saliva flow and composition [10, 11] .
Awareness of the importance of the salivary glands to health and sense of well-being of the individual is increasingly evident. It is also a fact that its structure and functions show diverse variations depending on animal species as well as upon food intake and consistency [12] .
Starvation or food deprivation was found to influence all body metabolic activities that are reflected on the structure of many organs including colon, liver, brain and pituitary gland [13] [14] [15] .
As far as we know, there are limited studies in the literature conducted in humans. The effects of nutrition and diet should be assessed in terms of flow secretion and saliva composition. Nevertheless, the findings in humans are markedly similar to the results of animal studies. Therefore, knowledge from the animal model is helpful for the understanding of the cellular gland alterations, as well as their influence on saliva composition [16] .
Based on these, this study was aimed to study the effect of long-term (7 and 14 days) food deprivation on the male cat submandibular gland. This study included histological, histochemical and ultrastructural investigations.
with toluidine blue, the acinar cells secretory granules showed varying degrees of metachromasia (deep purple to pink). Most of the demilunar cell granules are stained faint pink with this stain. The intercalated and striated ducts appeared unstained (Figures 2 and 3 ).
Regarding the histochemistry, using Alcian blue-PAS reactions, there is a marked variation in the distribution and intensity of both PAS and Alcian blue positive materials in different regions of the gland and even in the same lobule or the secretory units. Generally most of acinar cells contain mixture of both neutral and acid polysaccharides as they are stained deep purple with this technique. Demilunar cells most probably contain a considerable amount of sulphated mucopolysaccharides as they are stained blue by Alcian blue-PAS technique .The duct system showed negative reactions except of faint PAS positive material in the nuclei of lining cells and faint Alcian blue positive material along the luminal surface of the lining cells (Figures 4 and 5) .
Ultrastructurally, the mucous acini appeared with narrow lumen bordered by large pyramidal cells have vesicular nuclei with all the cell Figure 1 : A section in the submandibular gland of the control group stained with H&E showing mucous acini (MA) with cuboidal shaped cells and pale basophilic vacuolated cytoplasm as well as the serous demilunes (arrow). Note, the striated ducts (D) and the myoepithelial cells (dotted arrow) gasping the acini. Scale bar=50 µm.
Figure 2:
A semithin section in the submandibular gland of the control group stained with toluidine blue showing metachromatic secretory granules (stars) of varying staining intensity in the acinar cells (A). The cells of serous demilunes are faintly metachomatic (thin arrow) or unstained (thick arrow).The striated duct cells (D) are also unstained. Scale bar=20 µm.
Materials and Methods

Animals
Healthy twenty young male cats aged 2 months weighing 1.0-1.5 kg were used in this study. The animals were housed in clean properly ventilated cages in the animal house in the faculty of Medicine, Assiut University. They were kept under normal conditions and had free access to water. Ethical approval was obtained from the ethical committee of Assiut Faculty of Medicine. Cats were randomly divided into 2 main groups:
Group I (control group): 6 animals were fed the basal diet for 7 and 14 days and were divided into 2 subgroups, 3 animals each as follow:
Subgroup Ia: received free solid diet for 7 days.
Subgroup Ib: received free solid diet for 14 days.
Group II (starved group):14 animals were starved for 7 and 14 days. They were divided into 2 subgroups,7 animals each as follow:
Subgroup IIa: animals were starved for 7 days.
Subgroup IIb: animals were starved for 14 days.
After 7 and 14 days, control and starved cats were sacrificed by ether anesthesia, specimens from the submandibular gland were taken, put in 10% buffered formalin for fixation, processed for examination by light microscopy. 4-6 micrometer sections were obtained and stained with haematoxylin and eosin (H & E) to verify histological details and histochemical staining, Alcian blue-PAS reactions for detection of mucoplysaccharides. By this method acid mucopolysaccharides are stained blue, neutral mucoplysaccharides appear red, and the mixture of both stains purple [17] .
For electron microscopy, small pieces from the submandibular gland were fixed in 5% cold gluteraldehye for at least 24 hours then washed in 3-4 changes of cacodylate buffer (pH 7.2) for 20 minutes in each change and post fixed in cold osmium tetroxide for 2 hours. The specimens were washed in four changes of cacodylate buffer for 20 minutes for each. Dehydration was done by using ascending grades of alcohol (30, 50, 70%) each for 2 hours and then 90%, 100% two changes 30 minute each. Embedding was done in Epon 812 using gelatin capsules for polymerization. The embedded samples were kept in incubator at 35°C for one day, at 45°C for another day and for three days at 60°C. Then semithin sections (0.5-1 microns) were prepared by using LKB ultramicrotome. The sections were stained with toluidine blue, examined with light microscope and photographed. Ultrathin sections (50-80 nm) from selected areas of the trimmed blocks were made and collected on copper grides. The ultrathin sections were contrasted with uranyl acetate for 10 minutes, lead citrate for 5 minutes [18] . Finally, the sections were examined and photographed by transmission electron microscopy (Jeol JEM-100CX II EM) in Assiut University Electron Microscopy Unit.
Results
Control group (group I)
Examination of H & E stained sections of cat submanibular salivary gland of control group was found to be made of mucous and serous secretary end pieces oftenly capped with seromucous demilunes as well as a duct system which is formed of intercalated, striated and excretory ducts. The myoepithelial cells are present between the base of the acinar cells and the basal lamina ( Figure 1 ). Using semithin sections stained organoids of secretory cells, numerous rough endoplasmic reticulum (rER), randomly distributed mitochondria and Golgi bodies The apical parts of the cytoplasm are packaged with numerous secretory granules, some of them are electron lucent and others contain moderately electron dense material. The demilune cells possess large oval nuclei with prominent nucleoli. The cytoplasm contains extensive rER, Golgi bodies, mitochondria and electron lucent secretory granules ( Figure 6 ). The ultrastructural studies of the striated ducts revealed that, the light cells are the dominating types of cells with large, rounded abundant euchromatic nuclei. Their basal cell membrane exhibits complex extensive infoldings enclose numerous mitochondria with tubular cristae. The supranuclear region contains ill-defined electron lucent granules, moderately electron dense granules ( Figure 7 ).
Starved group for 7 days (subgroup IIa)
Starvation for 7 days led to obvious histological changes in the structure of submandibular gland. Sections stained by H & E showed slight hypertophied of the acini and distended prominent demilunar cells. The normal architecture of acinar cells was distorted; their nuclei became dark and deeply stained. The cytoplasm lost its basophilic character. Also, small and deeply stained nuclei of the demilunar cells were seen . The striated ducts appeared with more acidophilic cytoplasm ( Figure 8 ). Examination of semithin sections stained with toluidine blue revealed a marked alteration in the staining characters of acinar secretory granules. Most of them lose their dark purple and pink coloration thus looking orthochromatic. The demilune cells appear distended with granules that show decrease in the intensity of pink coloration compared to the control. The striated ducts appeared unstained with disorganized lining cells and degenerated nuclei (Figures 9 and 10 ).
Histochemically, starvation for 7 days lead to variation in the distribution of both neutral and acid mucopolysaccharides in acinar and demilunar cells by using Alcian blue -PAS reaction. There was a decrease in both acid and neutral polysaccharides in acinar cells as they showed a decrease in the purple staining observed in control sections.
Also, PAS+ve acinar cells showed significant decrease in the amount of neutral mucoplysaccharides. There was an increase in the amount of acid mucopolysaccharides in the distended demilunar cells. No secretory material was stained in ductal cells ( Figure 11 ).
Ultrastructural changes were observed in both acinar and demilune cells after starvation for 7 days. However, the changes in the latter are more evident. The mucous acinar cells showed marked accumulation of heterogenous secretory granules that mask other cellular organelles. The contents of the secretory granules are of varying electron densities and are finely granular. Some of the secretory granules fuse together to form large aggregates. The nucleus appeared deformed with electron dense nucleoplasm and heterocromatin clumps. The demilune cells showed irregular pyknotic nuclei with marked decrease in the rER which appear in the form of a few dilated strands containing electron dense material .The mitochondria were few in number and small lipid droplets were observed in the cytoplasm. The rest of the cytoplasm is filled with electron lucent secretory granules of varying sizes with destructed limiting membrane ( Figure 12 ). The cells of the striated duct showed loss of its characteristic basal infoldings, disruption of mitochondria with fragmented cristae. A few scattered fine granules and vacuoles were also observed. The nuclei appeared small in size with condensed heterochromatin compared to those of the control one ( Figure 13 ).
Starved group for 14 days (subgroup IIb)
Light microscopic examination of the submandibular gland of cats of this group showed augmentation of the changes by prolongation of the period of starvation. Marked distortion of secretory units with dilated lumens and small deeply stained nuclei were observed .The cytoplasm of the acinar cells appeared pale without distinct cellular features. Atrophied serous demilunes were seen ( Figure 14) . With prolonged starvation, there was complete loss of toluidine blue staining of acinar cells except of a few deeply stained blue granules near the luminal surface of the cells. Accumulation of lipid droplets in acinar cells of some units as well as in the cells of striated ducts was observed ( Figure 15 ).
Regarding histochemistry, after 14 days of starvation, there was only few granular or fragmented residual of both neutral and acid mucopolysaccharides in acinar cells that showed a decrease in the intensity of staining reaction compared to the previous groups. Demilunar cells showed evident decrease in sulphated mucopolysaccharides contents. The duct cells showed slight increase in the intensity of both PAS and Alcian blue+ve substance compared to starved group for 7 days (Figure 16 ).
Ultrastructurally, starvation for 14 days leads to progressive changes in the structure of the submandibular gland. Degenerated acinar cells with complete loss of all cytoplasmic organelles and secretory granules were seen. Their nuclei appeared irregular with amorphous appearance of their chromatin (Figure 17 ). Some acini showed marked disruption of the membrane bounded secretory granules accompanied by loss of their secretory content leaving only filamentous residue. Numerous lipid droplets were observed randomly distributed among the altered secretory granules. The nuclei appeared shrunken, irregular with condensed chromatin (Figures 18 and 19) . The striated duct cells showed progressive destruction of the basal infoldings and fragmentation of mitochondrial cristae. The cytoplasm appeared rarified with fragmented filaments and granules. Also, significant accumulations of large lipid droplets were observed in duct cells. The nuclei appeared small and irregular with dense chromatin (Figure 20 ).
Discussion
Starvation essentially means starving the body of vital nutrients it needs to function and survive. Starvation can be caused from outside sources beyond someone's control or it can be entirely self-inflicted. In laboratory studies, starvation has been associated with numerous deleterious changes in the physiology of various organs and body systems suggesting potential for subsequent health problems [19] . Laboratory animals have been very useful in studying the effects of varying levels of malnutrition because non-nutritional factors that affect humans may be controlled [20] . The behavior of salivary glands is very sensitive to the general condition of the body and to a variety of systemic diseases. Nevertheless, their functions and salivary flow rate as well as its composition are dependent upon food intake [21, 22] .
In the present study, long-term (7 and 14 days) food deprivation induced obvious histological, histochemical and ultrastructural changes in the cat submandibular gland. By light microscope, starvation for 7 days (subgroup IIa) produced remarkable changes in the parenchyma of submandibular gland of cat and these changes were augmented with prolongation of periods of starvation for 14 days (subgroup IIb). The changes were mostly observed in both acinar and demilune cells as well as in the striated ducts. The secretory units appeared distended with secretory granules, that make the cytoplasm look more vacuolated and less stainable compared to control. The nuclei appeared small, irregular and deeply stained being compressed by accumulated secretion.
Previous studies have reported histological alterations in salivary glands from rats fed a liquid diet, with a reduction in size of acinar and duct cells [23] [24] [25] . They attributed that to acinar cell shrinkage rather than to losses of acinar cell numbers. The loss of secretory cell mass may result in submandibular hypofunction and consequently the rate and volume of the salivary gland secretion were decreased. On the other hand, other investigators [26] found that liquid diet in rats does not induce atrophic alterations to acinar cells, including apoptosis and proliferative activity in submandibular and sublingual glands.
The histological results of the starved group (group II) were found to be parallel with histochemical observations of same group as starvation lead to decrease or alteration in metachromatic staining of secretory granules, where in other regions there was a complete loss of metachromasia. The contents of secretory units appeared orthochromatic indicating more neutral mucosubstances. Alcian blue-PAS technique revealed also alteration in the histochemistry of secretory granules. The acinar cells exhibited a decrease in both acid and neutral mucosubstances while there is an increase in acid mucosubstances in demilune cells. With prolongation of the period of starvation for 14 day, the secretory granules of both acinar and demilune cells tend to be unstained by any of histochemical techniques as well as in semithin sections, the acinar cells appeared with few orthochromatic granules near their luminal surface or scattered randomely in the cytoplasm. By Alcian blue PAS technique, only fragmented reticulated Alcian blue positive substance was left inside the degenerating distorted acinar cells.
Literature is rich in information which all agreed that the volume, state and composition of saliva depend on the type of food and state of stimulation [27] [28] [29] . The pH of saliva is sensitive to the rate of flow as in sleep and fasting condition; it falls presumably to lower levels [30] . This report could explain what was observed in the present work that starvation for 7 days increase demilune cells acid mucopolysaccharides and only acid mucosubstances were observed in acinar cells at 14 days of starvation. The alteration in the histochemistry of secretory granules could be attributed to the accumulation of granules within the cells after failing to discharge due to lack of stimulation.
Fasting caused a significant decrease in secretion rate, concentration of phosphate and sialic acid in stimulated whole saliva. The decrease of the ratio of sialic acid to protein indicates a disturbance of glycoproteins biosynthesis. This effect might be caused by a general change in metabolism where the cell gives priority to pathways favoring the energy exchange instead of the complicated pathways necessary for glycosylation of proteins [31] .
On the other hand these histochemical observations confirmed or explained the ultrastructural alteration of secretory contents observed in the present study as the acinar cells became engorged with altered secretory granules, the electron lucent appearance of normal granules was lost and the granules appear more electrons dense.
It was also observed that the accumulation of secretory granules is associated with pronounced degeneration of other cell organelles like rER and mitochondria and eventual cell death occurred. The decrease in cytoplasmic basophilia observed in the histological results of starved group (group II) may be correlated with the degeneration of the rER detected by the ultrastructural result of the same group. Similar observations were obtained by other study in rat submandibular gland exposed to fasting for 48 hours [32] .
Other investigators had shown that he synthetic activity of submandibular gland to produce protein is reduced in corn fed rats for 2 months [33] . Also, severe degeneration in the form of enlarged granular endoplasmic reticulum, swollen mitochondria with reduction of secretory granules were found in the acinar and ductal cells of rat submandibular gland kept on liquid diet for 10 days [34] .
Furthermre, mucosal atrophy of the adult rat intestine was reported after short period of starvation [13] . They reported that, during starvation, enzyme which neutralizes reactive oxygen species would be diminished, therefore the enterocyte would be more prone to inflammation and further damage [35] .
In the present study, crystalloid formation and lysosomal appearance were not observed in cat submandibular gland and this may be explained by the solubility nature of mucopolysaccharides that in degeneration diffuse out of cells without need to lysosomal action.
The ultrastructure of the demilune cells showed marked alteration and degeneration of cellular organelles. The secretory granules were degenerating merging together due to disruption of their limiting membranes; they look unstained in semithin sections and electron lucent in electron micrographs.
The significant accumulation of lipid droplets within some acinar and demilune cells is of significant interest. Several alteration in lipid metabolism are known to accompany liquid diet feeding [25] , diabetes mellitus [36, 37] , aging process and severe senility [38, 39] . The accumulation of lipid droplets in the acinar cells probably results from continued uptake of free fatty acids from plasma, coupled with a decrease in the cellular activity and inability of animals to convert them into glycogen. On the other hand, the degradation of intracellular membranous organelles could have a role in such lipid accumulation.
In accordance with our study, other investigators [32] observed accumulation of lipid droplets in the cytoplasm of acinar cells of submandibular and sublingual glands of diabetic rats following sate of fasting for 48 hours. They reported that insulin controls the lipid cycle in the gland via modifying the formation of insulin receptor complex.
The striated ducts were affected by starvation. There was loss of the basal infoldings together with degenerative changes in the cristae of mitochondria and in the cytoplasmic contents. Accumulation of lipid droplets were observed after 7 days of starvation and it was more evident in ducts of 14 days starved animals. Striated ducts have a role in the modification of salivary secretion provided by secretory units [12] . They were reported to reabsorb electrolytes and organic materials from primary saliva. They can also synthesize and secrete glycoprotein into saliva [28] . The accumulation of lipid droplets within their cells could be also due to decrease cellular activity and increase in the fatty acid uptake from plasma which was known to be increased during starvation.
The degenerative changes of submandibular gland observed in the present study may be attributed to loss of masticatory reflex stimulation and a decrease in all its functions during starvation. This is supported by previous study [25] who stated that the cause of acinar atrophy of the submandibular gland of the mice received a liquid diet for 21 days is linked to loss of masticatory reflex stimulation since this gland is situated and surrounded by muscular coats which included and assisted in the process of mastication and tongue movement [40] .
On the other hand, secretory activity of salivary glands, like other exocrine glands of the digestive tract is under the control of both nerves and hormones [40, 41] . Nutritional disturbances such as gross starvation is accompanied by complex morphological changes in neuroendocrine functions, so it has influence on salivary gland morphology as well as flow rate and composition in human and animals [42] .
Conclusion
In conclusion, it was clear that food deprivation for long periods would markedly alter submandibular gland structure and saliva composition with a concomitant decrease in acid and neutral mucosubstances needed to lubricate oral and provide natural protection against dryness and infection.
